Abstract -The purpose of this study was to determine the relationships between sprint, agility and jump performance of elite young basketball players. Sixteen elite national level young male basketball players participated in this study. The jumping ability of each player was determined using countermovement jump (CMJ), and broad long jump (BLJ). The agility T test (TT) and Illinois agility test (IAT) were assessed to determine the agility, and 20-m sprint time was also measured to determine sprint performance. The results of Pearson Product Moment Correlation analysis indicated moderate correlation between training age and IAT (r = -0.57; p = 0.021). Strong correlations were found between CMJ and BLJ (r = 0.71; p = 0.002), and between TT and IAT (r = 0.70; p = 0.002). Similarly, 20-m sprint time was strong correlated with CMJ (r = -0.61; p = 0.011), BLJ (r = -0.76; p = 0.001), TT (r = 0.77; p = 0.001), and IAT (r = 0.68; p = 0.003). In addition, CMJ was strongly correlated with TT (r = -0.60; p = 0.013), and IAT (r = -0.64; p = 0.007), and also strong correlation between BLJ with TT (r = -0.85; p = 0.001) and IAT (r = -0.76; p = 0.001). The findings of the present study indicated significant correlation between sprint and agility, jumping ability and sprint performance and between jumping ability and agility performance in basketball players. Therefore, the results suggest that sprint, agility and jumping ability share common physiological and biomechanical determinants.
INTRODUCTION
In basketball, the ability to generate maximal strength levels in the shortest period of time (muscular power) has been considered as essential to obtain high sport performance level 1 . Moreover, sprint and agility are vital components for the success in basketball. High-intensity movements such as jumping (for rebound, blocks and shots), turns, dribbles, sprints, screens and low intensity activities such as walking, stopping and jogging are necessary during basketball games 2 . Many authors have also suggested that power, agility and sprint are important characteristics for basketball players 1, 3 . Jump height or jumping ability is very important for a basketball player, because of the player must jump as high as possible for achieving the ball during rebound task 4 . Also, sprinting ability play a critical role in basketball game, because during turns the players must run as fast as possible for the offensive and defensive structures 5 . Agility has been considered a physiological prerequisite in basketball 5 , because players are frequently involved in a variety of sudden directional changes during the game in crossing the ball 6 . Assessment of the physical capacities of athletes is one of the most important issues in modern sports, many test used in order that selection procedures, for screening candidates, or to monitor the efficacy of training regimes 7 . Although, sports scientists focus on performance assessment, there are lacks of research examining the relationships between various performance tests. With regard to a lot of performance tests in different sports, examining correlations between these tests and sport discipline such as basketball has been elusive and determining the proper test for monitoring performance status of athletes who involved in specific sport is vital.
Many authors reported a relationship between various measures of sprint and jump performance. With regard to jump performance, Barr and Nolte 8 found a significant correlation between jump performance and 10 m sprint (r = 0.66). Bissas and Havenetidis 9 also found a relationship between jump performance and maximal running velocity (r = 0.73). Kale et al. 10 found a significant correlation between jump height and maximum velocity as well. Squat jump power output has been correlated to 5 m sprint time 11 and 10 m running velocity 12 . Countermovement jump height has also been reported to correlate to acceleration from 0 to 10 m 13 and 25 to 35 m sprint time 14 . The standing long jump has also been shown to significantly correlate to 10, 20, 30, and 40 m average velocity and acceleration values 15 . Very few studies, if any, have examined these various measures of jumping and sprinting ability and agility performance in basketball players. For example, Shalfawi et al. 16 reported a significant correlation between CMJ and 10 m (r = 0.41), 20 m (r = 0.46) and 40 m (r = 0.74) sprint times in professional men (27 years old) basketball players. Chaouachi et al. 17 found a significant negative correlation between agility T test and 5-jump test performance (r = -0.61), but there were no significant correlations between agility T test and 5, 10, and 30 m sprint times in elite male (23 years old) basketball players. In a recent correlation study by Alemdaroglu 18 , the author investigated the relationship between, strength, sprinting ability, agility and vertical jump performance in men (25 years old) basketball players and found significant correlation between countermovement jump and squat jump (r = 0.80), 30 m sprint (r = -0.61), and agility T test (r = -0.59), without any correlations between 10 m sprint and jumping ability and agility performance.
While previous authors investigated the relationship between sprinting ability, agility and jump performance in other athletes [8] [9] [10] [11] [12] [13] , an insufficient number of studies have been conducted on basketball players especially young (under 20 years old) and elite (national level) male basketball players and with regard to effects of several factors such as age and training status of athletes 19 on performance results, a work for determining the relationship between maximal-intensity exercise performance tests in elite and national level young male basketball players is vital and the knowledge about this aspect and age is little. In addition, previous studies used laboratory tests, but the novel approach in this study was field tests. In general, the reliability and validity of the laboratory tests are greater than field tests, but the field approach test are often more valid because of their greater specificity to sport events 20 . Therefore, the purpose of the study was to determine the relationship between jumping ability (countermovement jump and broad long jump), agility (T test and Illinois agility test) and sprint (20-m) performance in elite young (< 20 years) male basketball players.
METHODOLOGICAL PROCEDURES

Subjects
Sixteen young male professional basketball players (age 19.5 ± 0.8 y; height 180.2 ± 7.4 cm; body mass 72.1 ± 10.4 kg and training age 5.1 ± 1.6 y), who were in National level (Guilan province team, Iran), volunteered to participate in this study. All athletes were informed about the risks and benefits of participation in the study and signed informed consent forms. Inclusion criteria included (a) no history of ankle, knee or back injuries, (b) any lower extremity reconstructive surgery in the past two years or unresolved musculoskeletal disorders, and (c) not use of ergogenic aids. All procedures were approved by Islamic Azad University's Human Research Ethics Committee.
Study Design
Athletes reported to the basketball gym at 16:00. On entering the gym, height (m), body mass (kg), age (y) and training age (y) were measured for each athlete. The athletes were familiar with the testing protocols which described by certificated Strength and Conditioning coach. Each player was instructed and verbally encouraged to give a maximal effort during all tests. A standardized warm-up, consisting of jogging, dynamic stretching, and a series of increasing intensity sprints, was performed before testing.
No static stretching exercises were allowed before any test. To determine reliability, two measurements were made in 10 athletes, 72 hours apart.
Testing Methods
Anthropometric measurements: Height was measured using a wall mounted stadiometer (Seca 222, Terre Haute, IN) recorded to the nearest 0.5 cm. Body mass was measured to the nearest 0.1 kg, using a digital scale (Tanita, BC-418MA, Tokyo, Japan).
Jumping ability: The countermovement jump (CMJ) was assessed using a Vertec (Power System, Knoxville, Tennessee) which fixed in basketball court. Jump height was determined using an acknowledged Vertec technique calculation 21 . During the jump, the athletes were instructed to use their hands while performing a downward movement followed by a maximal-effort vertical jump. All athletes were instructed to land in an upright position and to bend the knees following landing. For the broad long jump (BLJ), the athletes were required to stand with their toes behind the zero point of the tape measure prior to jumping. Each athlete initiated the jump with countermovement and arm swing. Each athlete jumped horizontally as far as possible and landed over the top of a tape measure secured to the floor. Distance was determined measuring the point at which the heel of the trial leg touched the ground. Each athlete was given three trials, and the highest score was recorded for analysis. A 30-second break between trials was allowed for recovery 21 . Agility: Agility was assessed using the T-Test (TT) and Illinois Agility Test (IAT). The tests were conducted on a wooden basketball court. Agility time was recorded using a stopwatch (Joerex, ST4610-2, China). In TT the athletes were instructed to sprint from a standing starting position to a cone 10 m away, followed by a side shuffle left to a cone 5 m away. After touching the cone, the athletes side shuffled to the cone 10 m away and then side shuffled back to the middle cone. The test was concluded by back pedaling to the starting line. Athletes were disqualified if they failed to touch the base of any cone, crossed the one foot in front of the other, or failed to face forward for the entire test. The IAT is set up with four cones forming the agility area (10 m long × 5 m wide). A cone was placed at each point A) to mark the start, B and C) to mark the turn spots, and D) to mark the finish. Another four cones were placed in the center of the testing area, 3.3 m from each other. For all agility tests, the athlete started on the floor, face down, and begins with a random sound. The athletes must complete, as fast as possible, the agility circuit. The test score was recorded as the best time of 2 trials, to the nearest 0.01 second. A 2-minute rest period was allowed between each trial 22 . 20 m sprint: The sprint test was performed on an indoor track basketball court. The sprint running test consisted of 2 maximal sprints of 20 m, with a 120-s rest period between each sprint. In 20 m sprint, the starting position was standardized to a still split standing position with the toe of the preferred foot forward and behind the starting line. Sprint start was given by a random sound, which triggers timing. On "GO" commend, the athletes run the 20 m track with maximal effort, as fast as possible. The timing system and procedures were same as the agility tests 23 .
Statistical Analysis
The mean and standard deviation values for each test were calculated for all players. The relationships between jumping ability, agility and sprint performance were analyzed using the Pearson Correlation Analysis (r), with the level of statistical significance set at p ≤ 0.05 in SPSS for Windows, version 16.0 (SPSS, Inc., Chicago, IL). The intraclass correlation coefficient (ICC) was used to determine the reliability of the measurements.
RESULTS
The results of ICC and players' performance tests are shown in Table 1 and 2, respectively. The results of the Pearson Correlation Analysis indicated moderate to strong correlations between jumping ability and agility performance. Similarly, jumping ability showed moderate to strong correlations with sprint performance. There was a strong correlation between agility and sprint time performance. In addition, there were no correlations between athletes' characteristics and performance tests (except between training age and IAT, r = -0.57, p = 0.02) ( Table 3) .
DISCUSSION
The purpose of this study was to determine the relationship between jumping ability, agility and sprint performance in young male basketball players. The second purpose of the study was to determine the association between maximal-intensity performance tests with athletes' characteristics. One of the important approaches for the current study was to field tests compared to previous studies which used laboratory tests. Although, the reliability and validity of the laboratory tests are greater than field tests, the field approach tests are often more valid because of their greater specificity to sport events.
In this study, the Pearson correlation analysis indicated significant relationship between CMJ and TT (r = -0.60), CMJ and IAT (r = -0.64), BLJ and TT (r = -0.85) and BLJ and IAT (-0.76) in basketball players. Agility is a multifactorial physical ability which affected by strength, speed, balance, flexibility, and muscular coordination 17 . The findings of the present study showed moderate to strong correlations between jumping ability and agility performance of young basketball players. In this study, agility considered as performance in a basketball-specific test (i.e., TT and IAT) was significantly related to CMJ and BLJ performance. In accordance with the present study, Koklu et al. 24 reported significant correlations between CMJ and zigzag agility test with (r = -0.45) and without (r = -0.76) the ball in soccer players. Chaouachi et al. 17 found a significant negative correlation between TT and jump test performance (r = -0.61) in elite male (23 years old) basketball players. In a recent correlation study by Alemdaroglu 18 , the author reported significant correlation between CMJ and TT (r = -0.59) in professional men (25 years old) basketball players. Based on the current findings and previous reports, it could, however, be speculated that the physiological profile of agility and jump performance is similar in basketball players and the strength and conditioning coaches in the field of basketball can use one of these tests to determine the status of athletes.
The results from the present study indicated significant relationship between CMJ and 20 m (r = -0.61), and between BLJ and 20 m (-0.76) sprint performance in basketball players. In accordance with these findings, Barr and Nolte 8 found a significant correlation between jump performance and 10 m (r = 0.66). Bissas and Havenetidis 9 also found a relationship between jump performance and maximal running velocity (r = 0.73). Kale et al. 10 found a significant correlation between jump height and maximum velocity as well. Countermovement jump height has also been reported to correlate to acceleration from 0 to 10 m 16 and 25 to 35 m sprint time 14 . The standing long jump has also been shown to significantly correlate to 10, 20, 30, and 40 m average velocity and acceleration values 15 . In basketball players, Shalfawi et al. 16 reported a significant correlation between CMJ and 10 m (r = 0.41), 20 m (r = 0.46) and 40 m (r = 0.74) sprint times in professional men (27 years old) basketball players. Chaouachi et al. 17 also found significant correlations between 30 m sprint time and CMJ in elite male (23 years old) basketball players. In a recent correlation study by Alemdaroglu 18 , the author investigated the relationship between sprinting ability and jump performance in men (25 years old) basketball players and found significant correlation between CMJ and 30 m sprint (r = -0.61) performance. The explanation for the association between jumping ability (i.e., CMJ and BLJ) and measures of sprint performance (i.e., 20 m) could be due to needs to maximal effort action at the start of the sprint. As the athletes starts to sprint, the body accelerates forward to a maximal velocity. This velocity is determined by the force that muscle can generate against the ground, multiplied by the time during which the forces are applied which in turn equals power. As the athletes accelerate towards top speed through 20 m, the foot contact time on the ground becomes relatively short, which makes force and leg strength more important than power in this phase 25, 26 . In this study, the Pearson correlation analysis indicated significant relationship between TT and 20 m (r = 0.77), and IAT and 20 m (r = 0.68) in basketball players. The findings of the present study showed moderate to strong correlations between agility and sprint performance of young basketball players. In agreement with the results of the current study, Alemdaroglu 18 reported positive relationship between 30 m sprint and TT (r = 0.50) in Turkish professional men (25 years old) basketball players. The relationship between sprint and agility performance have been examined by very few studies 14, 27, 28 . Moderate correlation was reported between agility TT and sprint performance in a group of college-aged women 28 . In contrast, Little and Williams 27 reported a weak but significant correlation between 10 m sprint and zigzag agility test in a group of professional male soccer players. In contrast, Buttifant et al. 29 reported no significant correlations between 20 m sprint and agility. In basketball athletes, Chaouachi et al. 17 did not find significant correlations between agility TT and 5, 10, and 30 m sprint times in elite male (23 years old). The reasons for discrepancy between studies could be due to using different agility tests 17, 29 and differences between participants in the studies because of Chamari et al. 30 suggests a potential effect of age or experience when examining the relationship between these maximal-intensity exercise performance tests. This study did not find correlations between maximal-intensity performance tests and the status of athletes. Only the Pearson correlation analysis showed significant relationship between IAT and training age (r = -0.57) in basketball players and there were no significant correlations between body mass, height and performance tests. Little is known, in literature, about the relationship between athletes' characteristics and performance tests in basketball players and therefore discussion about this subject is difficult. In accordance with the results of this study, Chaouachi et al. 17 did not find correlations between height, body fat and sprint performance, but they addressed positive association between body mass and agility TT (r = 0.58) in Tunisian men basketball players. The negative correlation between IAT and training age could be the positively transfer of basketball task during games and competitions to IAT. Based on the specificity of basketball movements, several change of direction, zigzag drill and dribble movements would be occur and resulting agility adaptations.
In light of the present study, findings on jumping ability, agility and sprint should be regarded as a major physiological ability in young male elite basketball players. Short-term, maximal-intensity exercise performance should be considered as a basketball-related activity. Because of the association between jump performance and agility and sprint times, jump exercises should be considered in basketball conditioning. As a result of the nature of basketball tasks, the jump exercise and short sprint event and agility may be used emphasizing the maximal force mobilization. The result of the study is that performances in a variety of field tests were correlated with each other in a group of basketball players. It can be state that either the tests assess similar attributes or performance on one test is able to predict performance on another and athletes with greater training age is agile than others.
CONCLUSION
In summary, the findings of the present study indicated a significant correlation between jumping ability and agility performance and sprint time in young male basketball players. One of the possible reasons for these findings could be that all maximal-intensity exercise performance tests include dynamic movements requiring high muscle power. Since, all maximal-intensity exercise performance tests have same energy systems; it seems that ATP-PC pathway play a critical role for basketball players and therefore suggests that jumping ability, agility, and sprint performance share common physiological and biomechanical determinants.
